Certain natural therapeutic plant extracts and bioactive compounds, which are commonly used as components of East Asian medicine, have the tendency to promote adipogenesis through preadipocyte proliferation and differentiation. In this study, methanol extracts Cnidium officinale Makino and Ulmus pumila Linne were screened for their ability to induce preadipocyte proliferation and differentiation. CoRE and UpLE stimulated the growth and proliferation of 3T3-L1 preadipoctes up to 400ug/ml. Intracellular lipid accumulation was highest at 100 µg/ml for both CoRE and UpLE treatment. The results of GPDH activity analysis followed the same trend as that of intracellular lipid accumulation. The effects of CoRE and UpLE on 3T3-L1 cell differentiation were further demonstrated by the mRNA expressions of known adipocyte differentiation transcription factors PPARγ and C/EBPα. Both PPARγ and C/EBPα expressions were significantly stimulated by 50 to 200 µg/mL dose of CoRE but significantly inhibited at 400 µg/mL, on the other hand the effects of different doses of UpLE on mRNA expression of PPARγ in 3T3-L1 cells did not follow the trend as those of intracellular lipid accumulation and GPDH activity. The addition of 50 to 400 µg/mL UpLE resulted in dose-dependent decrease in PPARγ mRNA expression. These findings may be applied in the future to further develop feed additives from natural plant extracts to manipulate adipocyte differentiation which may be applied to increase intramuscular fat accumulation in Hanwoo beef cattle.
Introduction
Adipose tissue is a metabolic and endocrine organ that plays essential role in regulation of energy balance. Recently, adipocytes emerged as therapeutic target for obesity, type 2 diabetes and cardiovascular diseases (Nawrocki and Scherer, 2005) . The entire adipogenic process consists of the preadipocyte proliferation and their differentiation into mature adipocytes. Adipocyte differentiation (hyperplasia) is mimicked in vitro by the 3T3-L1 differentiation system. Upon receiving the appropriate combination of adipogenic signals, growth-arrested 3T3-L1 preadipocytes initiate mitotic clonal expansion and re-enter the cell cycle progression (Otto and Lane, 2005) . Adipocytespecific genes such as peroxisome proliferatoractivated receptor-γ (PPARγ) and CCAAT/enhancer binding protein-α (C/EBPα) play essential roles during differentiation through transcription of various genes responsible for fat transport and accumulation. Among the genes regulated by PPARγ are lipoprotein lipase (LPL), fatty acid binding protein (aP2), fatty acid translocase (CD36), leptin, liver X receptor α (LXRα) and adiponectin.
Recently, much attention has been focused on various phytochemicals which are capable of modulating various metabolic processes. Most of these phytochemicals are flavonoids, a group of phenolic compounds. Several studies have indicated that phytochemicals with antioxidant properties have potential for controlling adipogenesis. Natural antioxidants inhibit adipogenesis by targeting different stages of adipocyte life cycle from preadipocyte stage until apoptosis of matured adipocytes, as well as breakdown of triglycerides in adipocytes known as lipolysis . Although it was once believed that the total number of adipocytes does not change through life, it is now recognized that new adipocytes can be formed or can be removed by the process of apoptosis.
In the present study, we examined the methanol extracts from Cnidium officinale (Makino) root (CoRE) and Ulmus pumila (Linne.) leaf (UpLE) for their ability to regulate preadipocyte proliferation and differentiation. C. officinale is used in traditional Korean medicine and known to have a regulatory property for blood circulation and inflammatory disease (Jeong et al., 2005) . On the other hand, U. pumila contains sesquiterpene o-quinone known as mansonone F. This compound shows wide variety of biological activities such as antibacterial and antiproliferative effects (Wang et al., 2004) .
The present study was conducted to evaluate the adipocyte differentiation regulation activity of CORE and UPLE and investigate the possible molecular mechanism of action.
Materials and Methods

Preparation of Plant Extracts
The plant extracts used in this study were crude methanol extracts from roots of C. officinale and leaves of U. pumila. One hundred grams of dried, finely chopped plant materials were extracted by 70% methanol under reflux. The methanol extracts were evaporated using rotary evaporator. The resulting extracts were kept in dark screw-cap bottle and stored at 4°C until these are ready for use.
For cell treatments, 0.1 g of each extract was diluted to 10 mL Dulbecco's Modified Eagle Medium (DMEM) to attain 10,000 µg/mL concentration. To facilitate dissolution, the tube containing the mixture was placed in an ice bath, and the mixture was sonicated for one minute using Brandson Sonifier (Brandson S-450D) set at 40% energy level. The extract solution was filtered using a 0.45 µm syringe filter (Minisart, Cat. No. 16555) inside the laminar flow chamber. One mL of each aliquot was then transferred to sterilized 1-mL microtubes. Aliquot extract samples were kept at -20°C until these are ready for use.
3T3-L1 Cell Culture Condition
The 3T3-L1 cells were cultured according to ATCC culture conditions. The 3T3-L1 preadipocytes were grown in 100-mm cell culture dish using DMEM supplemented 10% newborn bovine calf serum (BCS), 100 U penicillin and 100 µg streptomycin. Cells were incubated at 37°C humidified air with 5% CO2. The medium was changed every two days.
In cell proliferation or viability study, the 3T3-L1 cells were seeded in 96-well plate and then treated with different medium concentrations (0, 50, 100, 200, 400 and 800 µg/mL) of CoRE or UpLE. Cells were incubated for 48 hr, and then cell viability was analyzed using Alamar Blue cell viability reagent (Invitrogen, Ltd., Paisley, UK) following the kit manufacturer's procedure. The experiment was replicated three times. In cell differentiation study, 3T3-L1 preadipocytes were grown in 6-well plate until confluent. Two-day postconfluent cells were treated with differentiation medium containing DMEM with 10 µg/mL insulin, 0.5 mM 3-isobutyl-1-methylxanthine (IBMX), 0.25 µM dexamethasone, 10% fetal bovine serum (FBS), 100 U penicillin and 100 µg streptomycin (Choi et al., 2009) . After two days, the medium was replaced with DMEM containing the previous concentrations of insulin, FBS, penicillin and streptomycin. Thereafter, the medium was changed every two days with DMEM containing only FBS, penicillin and streptomycin. Cells were harvested for various analyses on the 8 th day of differentiation. The different treatment concentrations of CoRE and UpLE (50, 100, 200, and 400 µg/mL) were administered at day 0 and day 2 of differentiation stage along with the control group (no extract treatment). The negative control group was maintained by not treating the postconfluent 3T3-L1 cells with differentiation medium. The experiment was replicated three times.
Oil Red O Staining
On the 8 th day of differentiation, the cells were washed twice with cold phosphate buffered saline (PBS), fixed with 10% formaldehyde for 30 minutes, immediately washed with distilled water and 60% 2-propanol and then stained with 0.3%(w/v) Oil Red O solution (60% 2-propanol, 40% water) for 5 minutes at room temperature. Cells were washed twice with 60% 2-propanol to remove unbound dye and photographed. Stained Oil Red O was also eluted with 99.5% 2-propanol and quantified by measuring absorbance at 490 nm using plate reader (Maeda et al., 2006) .
Measurement of Glycerol 3-Phosphate Dehydrogenase (GPDH) Activity
On the 8 th day of differentiation, adipocytes were washed twice with cold PBS. Five hundred microliter ice-cold enzyme extraction buffer (50 mM Tris, 1 mM EDTA in PBS, adjusted to pH 7.5 by HCl) was added into each well. The cell mass was scraped using rubber scraper. The cell mass together with buffer were then transferred into microtube. Each well was rinsed again with 500 µL buffer and the suspension was added to the same microtube. Since the cell sonication process, as described in various procedures elsewhere, forms an emulsion that makes fats difficult to separate from the suspension even by centrifugation, the cell suspension was instead homogenized using a cell lysator tube. Homogenized lysates were centrifuged at 12,800 g for 5 minutes at 4°C. The supernatants were transferred into a new tube and quickly frozen using liquid nitrogen. The frozen lysates were kept at bio-freezer maintained at -70°C until these are ready for analysis. The GPDH enzyme activity was measured by mixing 180 µL sample enzyme solution (lysate) with 460 µL substrate mixture (composed of 1:2:3 ratio of 25 mM triethanolamine/1 mM EDTA (TEA) buffer (pH 7.5), 5 mM dihydroxyacetone phosphate (DHAP), and 0.5 mM reduced β-nicotinamide adenine dinucleotide (β-NADH). The change in absorbance in a two-minute interval was measured using a spectrophotometer set at 340 nm wavelength. The GPDH enzyme activity was expressed in terms of mU/mL of lysates, wherein one unit of activity corresponded to the oxidation of 1 nmol of NADH per one minute at 30°C. The formula used for the computation of GPDH activity is as follows:
Where: A (mL): Total reaction volume. B (mL): Total volume of enzyme solution (sample) added. C (cm): Optical path length of the cell used.
Preparation of Total RNA and Reverse Transcription PCR
The total RNA from 3T3-L1 cells was isolated with RNAiso Plus reagent (TaKaRa, Shiga, Japan).
Reverse transcription of 1 µg RNA was carried out with RevertAid First Strand cDNA Synthesis Kit supplemented with Random Hexamer Primer (Fermentas Life Science, York, UK) in Bioer Gene Pro (Hang Bioer Technology Co., Ltd., Hangzhou, Zhejiang, China). The PCR amplification of 2 µL cDNA was carried out using AccuPower PCR PreMix (Bioneer, Seoul, South Korea). The PCR primers used were as follows: mouse GAPDH (783bp: forward primer -5' -CGGCCGCATCTTCTTGTGCAG -3', reverse primer -5' -GCGGCACGTCAGATCCACGA -3'); mouse PPARγ (268bp: forward primer -5' -GGTGAAACTCTGGGAGATTC -3', reverse primer -5' -CAACCATTGGGTCAGCTCTT -3'); and mouse C/EBPα (224bp: forward primer -5' -AGGTGCTGGAGTTGACCAGT -3', reverse primer -5' -CAGCCTAGAGATCCAGCGAC -3'). The mRNA expressions were visualized in 1.5% agarose gel stained with ethidium bromide using Bio-Rad CheniDoc XRS+ gel documentation system (Bio-Rad Laboratories, Segrate, Italy).
Statistical Analysis
Data are expressed as means ± SD. The data on cell proliferation, cell differentiation and mRNA expressions were analyzed by comparing the effects of different concentrations with the control using independent T-test. All statistical analysis were carried out using SPSS software version 11.5 (SPSS, Inc., Chicago, IL, USA).
Results and Discussion
Effects of CoRE and UpLE on 3T3-L1 Preadipocyte Proliferation
The CoRE did not show any significant effect on 3T3-L1 cell proliferation within 24 h (Figure 1 ). Although the cell proliferation tended to increase dose-dependently from 50 to 400 µg/mL concentrations, the effects were not statistically significant (P>0.05). After 48 hours of incubation, the mitogenic effects of CoRE on 3T3-L1 preadipocytes were observed. A dose-dependent increase in cell proliferation was observed from 50 to 200 µg/mL and significant differences over the control were observed on these concentrations (P<0.05). The highest cell proliferation was attained at 200 µg/mL which was 19% higher than the control. The 3T3-L1 cell proliferation tended to be lower in 400 µg/mL as compared to 200 and 100 µg/mL treatment groups. However, the cell proliferation of the former was still statistically higher than the control group (P<0.05). Results also showed that the 48 hours exposure of 3T3-L1 cells to 800 µg/mL dose of CoRE had caused inhibition of cell growth which indicated possible toxicity to the cells. Based on the results of this result, it can be concluded that CoRE had mitogenic effect on 3T3-L1 preadipocytes at concentrations up to 400 µg/mL. Prolonged exposure to high CoRE concentration such as 800 µg/mL can cause toxicity to the cell. The addition of 50 to 400 µg/mL UpLE in the growth medium of 3T3-L1 cell resulted in significant stimulation of cell proliferation within 24 hours (Figure 2) . The 50, 100, 200 and 400 µg/mL UpLE treatments increased 3T3-L1 cell growth by as much as 20.5, 23.6, 26.5 and 26.2%, respectively, as compared to the control. The 800 µg/mL UpLE treatment group tended to be higher than the control group, but the difference was not statistically significant (P>0.05). After 48 hours of incubation, the mitogenic effect of UpLE was reversed. The 3T3-L1 cell proliferation was decreased in dose-dependent manner from 50 to 800 µg/mL UpLE concentrations.
Fig. 2:
Effects of different concentrations of U. pumila leaf extract (UpLE) on 3T3-L1 preadipocyte proliferation measured after 24 and 48 hours of incubation. Each column represents percent relative value with reference to control which was set at 100%.
The 48 hr cell proliferation of 800 µg/mL group was significantly lower than the control (P<0.05) by as much as 36.8%. These results indicate that the UpLE has exerted mitogenic effect on 3T3-L1 cell at an early stage, but has anti-proliferative effect during prolonged exposure.
Effect on 3T3-L1 Differentiation
The differentiation of preadipocyte to a mature adipocyte is accompanied by various phenotypic and metabolic changes. One of the phenotypic changes is the accumulation of cytoplasmic lipid droplets, which can be measured by Oil Red O staining and/or triglyceride analysis. Previous studies have shown that these two methods of measurement provide parallel results; thus, the present study used only the Oil Red O staining which is a more practical approach. The result of Oil Red O staining showed that CoRE significantly induced (P<0.001) intracellular lipid accumulation in 3T3-L1 cells at concentrations of up to 200 µg/mM (Figure 3) . The 3T3-L1 intracellular lipid accumulation had doubled in groups treated by 50 to 200 µg/ml CoRE as compared with the control group. However, lipid accumulation was significantly depressed at 400 µg/mL medium concentration of CoRE (P<0.01). Intracellular lipid accumulation was highest at 100 µg/ml CoRE treatment group which was 2.62 times the control. There was no lipid accumulation in postconfluent 3T3-L1 cells maintained in growth medium (negative control or NC). Meanwhile, the addition of 50 to 100 µg/mL UpLE in the differentiation medium of postconfluent 3T3-L1 cells resulted in a dose-dependent increase in lipid accumulation (Figure 4) . The intracellular lipid of the 100 µg/mL treatment group was 3.6 times the control. However, the intracellular lipid accumulation of 3T3-L1 cells treated with 200 µg/mL UpLE were not significantly different from the control (P>0.05), and those treated with 400 µg/mL UpLE were significantly lower than the control groups (P<0.001). Ocular and microscopic observation of the 3T3-L1 cells during the differentiation study revealed that the 400 µg/mL UpLE treatment resulted in cell apoptosis or death as shown by several floating cells in the culture medium. Floating or dead cells were removed during the staining process leaving some spaces on the culture dish ( Figure 5F ). Cell apoptosis was particularly observed after 3 to 5 days differentiation period. Apoptosis was not observed in 3T3-L1 cells treated with 400 µg/mL CoRE. The possible mechanisms on how the strong antioxidants promote cell death based on the findings of Ahn et al., (2008) and Yang et al., (2008) are shown in Figure 6 . 
Glycerol 3-Phosphate Dehydrogenase (GPDH) Activity
Accumulation of free fatty acids, the long chain fatty acids, in particular, has surface-activity and cytotoxicity effects on the cells. Therefore, they are not allowed to accumulate in the cells. To avoid such accumulation, the long-chain fatty acids rapidly form esters with glycerol 3-phosphate to generate triacylglycerols (fats). In the muscles and adipocytes, glycerol 3-phosphate is generated by reducing dihydroxyacetone phosphate, an intermediate product of the glycolytic pathway. Glycerol 3-phosphate dehydrogenase (GPDH) is the enzyme that catalyzes the reduction of dihydroxyacetone phosphate to glycerol 3-phosphate along with the oxidation of NADH to NAD (Lehninger, 1975) . Thus, the GPDH activity is regarded as a representative marker for adipocyte differentiation from preadipocyte cells in various studies elsewhere. In this study, the GPDH activity was significantly increased (P<0.001) in 3T3-L1 cells treated by 50 to 200 µg/ml CoRE, but significantly decreased (P<0.05) in 400 µg/ml treatment group (Figure 7) . The GPDH activity was highest at 100 µg/ml CoRE treatment group. Note that the results of GPDH activity analysis followed the same trend as that of intracellular lipid accumulation. The treatment of 50 to 100 µg/mL UpLE resulted in significant increase (P<0.05) of GPDH activity of differentiating 3T3-L1 cells (Figure 8) . However, at 200 µg/mL UpLE dose, the GPDH activity was similar to the control group. The GPDH activity was significantly suppressed in 3T3-L1 cells treated with 400 µg/mL UpLE (P<0.05). 
mRNA
Expression of Adipogenic Transcription Factors
The effects of CoRE and UpLE on 3T3-L1 cell differentiation were further demonstrated by the mRNA expressions of known adipocyte differentiation transcription factors such as peroxisome proliferator-activated receptor-γ (PPARγ) and CCAAT/enhancer binding protein-α (C/EBPα). This study showed that the effects of different concentrations CoRE on mRNA expressions of PPARγ and C/EBPα followed the same trend as those on intracellular lipid accumulation and GPDH activity. Both PPARγ and C/EBPα expressions were significantly stimulated by 50 to 200 µg/mL dose of CoRE, but significantly inhibited at 400 µg/mL concentration of the same extract ( Figure 9 ). Although the mRNA expressions of PPARγ and C/EBPα in 400 µg/mL CoRE treated cells were lower than the control group, these expressions were relatively higher than those of the non-differentiating cells or negative control group indicating that the 3T3-L1 cells in 400 µg/mL CoRE treated cells have undergone differentiation. The effects of different doses of UpLE on mRNA expression of PPARγ in 3T3-L1 cells did not follow the trend as those of intracellular lipid accumulation and GPDH activity. The addition of 50 to 400 µg/mL UpLE resulted in dose-dependent decrease in PPARγ mRNA expression ( Figure 10A ). This indicated that UpLE inhibited PPARγ expression despite an increased adipocyte differentiation at 50 to 100 µg/mL concentration. Although there was inhibition of PPARγ expression in 3T3-L1 differentiating cells due to UpLE treatment, results showed that the expression of the PPARs target transcription factor C/EBPα was slightly increased in 100µg/mL UpLE dose and significantly increased by 200 µg/mL dose of UpLE (P<0.05). Taking together the effects of different concentration of UpLE on PPARγ and C/EBPα expressions, it can be hypothesized that the regulation of adipocyte differentiation by UpLE is modulated through pathways other than the PPARγ pathway. There are several known peroxisome proliferator-activated receptor (PPAR) isoforms. Among these are PPARα, PPARβ (also known as PPARδ), and PPARγ (Gregoire et al., 1998) . Although PPARγ is considered the most influencing factor in adipocyte differentiation, studies have shown that the other isoforms are also active in several instances (Brun et al., 1996) . In the case of CoRE wherein the PPARγ expression is highly modulated during adipocyte differentiation, its effect could be imparted through activation of pathways related to growth factor receptor. Growth factor receptor (GFR) belongs to a sub-family of receptor tyrosine kinases that includes the insulin-like growth factor (IGF) receptor and the insulin receptor-related receptor (IRR). The GFR can activate either the MAP kinase kinase 3, 6 (MKK 3, 6) pathway that can induce PPARγ expression or the mitogen activated protein kinase (MAPK)/extracellular signal regulated kinase (ERK) known as MEK1 pathway that can inhibit PPARγ expression. Meanwhile, the effect of UpLE on adipocyte differentiation could be mediated though the activation of PPARα or PPARβ. However, there is no evidence yet to prove this hypothesis.
Conclusion
Both CoRE and UpLE had shown the ability to induce 3T3-L1 cell differentiation as reflected by intracellular lipid accumulation and increase in GPDH activity. Further, both extracts had the highest adipogenic activity at 100 µg/mL dose, which had inhibitory effect on adipocyte differentiation at 400 µg/mL dose. However, CoRE and UpLE differed in mode of actions such that, UpLE induced cell apoptosis at 400 µg/mL concentration while the CoRE did not. High CoRE concentration inhibited 3T3-L1 differentiation by causing cell cycle arrest and keeping the 3T3-L1 cells at G1 phase.
The increase in adipocyte differentiation with CoRE treatment was accompanied by an increase in PPARγ and C/EBPα mRNA expressions, while only C/EBPα was induced together with the increase in adipocyte differentiation in UpLE treatment. Further, PPARγ was inhibited by UpLE in dose-dependent manner. The inability of UpLE to regulate PPARγ during differentiation indicated that UpLE is working on a cAMP-dependent pathway and not through GFR. The increase in 3T3-L1 differentiation due to 50 to 100 µg/mL UpLE treatments can be attributed to growth arrest after receiving combinations of adipogenic signals from differentiation medium.
These results show the adipocyte regulating activities of these plants, their potential to be used for further studies and experiments to fully elucidate their effects and possible use in animal production and enhancing intramuscular fat deposition.
